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Based on the phenomenological Ginzburg-Landau approach, we investigate phase solitonic states
in a class of three-component superconductors for mesoscopic doubly-connected geometry (thin-
walled cylinder) in external magnetic fields. Analysis of the Gibbs free energy of the system shows
that solitonic states in a three-component superconductor are thermodynamically metastable and
separated from the ground state by a sizable energy. Our results demonstrate that despite of the
presence of the zoo of phase solitons states earlier proposed method [Phys. Rev. B 96, 144513
(2017)] for the detection of BTRS in multiband superconductors remains valid and useful.
PACS numbers:
I. INTRODUCTION
The discovery of unconventional superconductivity
with a multicomponent complex order parameter caused
an exploding growth of activities in condensed matter.
In particular, thereby the formation of a plethora of
topological defects: phase kinks, phase domains, vortices
that carry fractional magnetic flux values, and phenom-
ena like the fractional Josephson effect might be allowed
there (see Refs. 1–5 and references therein). The com-
plexity of the order parameter with the presence of sev-
eral components breaks the time-reversal symmetry6–10.
Such superconductors are expected to have a nontrivial
response in external magnetic fields and special magnetic
properties even at zero field, i.e. spontaneous magnetic
ordering.11–15.
In our previous work Ref. 13 within the Ginzburg-
Landau formalism we have analyzed the homogeneous
ground state of a three-component superconductor in a
convenient for theoretical analysis form of a to be ex-
posed to an external magnetic field. We have shown that
depending on the inter-component coupling constants, a
magnetic flux can induce current density jumps in such
superconducting geometries that are related transitions
from BTRS to time-reversal symmetric (TRS) states and
vice versa. Among the low energy excitations there will
be also topological phase solitons, which will be studied
here16–24. Such excitations are forbidden in the bulk due
to divergent total energy in the spatially unlimited case.
But they can have finite energy in special geometries lim-
ited in the transverse direction as realized for long tubes.
Moreover, the phase solitons in this geometry can
be induced by an external parallel magnetic field20. It
should be noted that the observation of such topological
defects arising from the interaction between two order pa-
rameters in quasi-one-dimensional superconducting rings
consisting of two parallel layers with weak Josephson
coupling has been already reported recently25 .We fur-
ther note that the existence of phase solitons was verified
experimentally via the observation of fractional vortices
generated in a thin superconducting heterostructure in
the form of a Nb/Al-AlOx/Nb trilayer
26.
The detailed knowledge about these topological defects
can be very helpful for the detection and assignment of
the BTRS phenomenon. Thus, with this in mind, the
goal of the present paper is to provide a comprehensive
picture of possible inhomogeneous states like phase soli-
tons for three-component superconducting systems with
a doubly-connected geometry.
II. MODEL AND BASIC EQUATIONS
As mentioned above we consider a Ginzburg-Landau
functional for the free (Gibbs) energy, for a supercon-
ductor with a three-component superconducting order
parameter in the form of a thin long tube with a thin
wall (the thickness is supposed to be much smaller than
the characteristic coherence length(es), while the radius
has to be much larger), whose symmetry axis is the z
axis of cylindrical coordinates (r, ϕ, z). The constant ex-
ternal magnetic field H is applied along the symmetry
axis: H = (0, 0, H) (see Fig. (1)). In such a situation we
neglect the r -and z dependencies of the superconducting
order parameter, which are relevant for thick short tubes.
These conditions preclude the formation of any vortices
in the wall of the cylinder and guarantee that the self-
induced magnetic fields are small. Noteworthy, similar
results with some correction due to the finite demagneti-
zation factor are also expected for thin rings, which will
describe approximately experiments like in Refs. 25,26.
Thus, we start from the Gibbs free-energy functional
of a superconducting cylinder. In view of the quasi-
homogeneity along the z axis, it takes the following ap-
proximate form:
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FIG. 1: The geometry of the problem (schematically) taken
from Ref. 13.





















































with ψi = |ψi| exp (iχi) being the three-component or-
der parameter function and Π ≡ −i~∇ − 2ec A. Below
we suppose the inter-component interaction constants γij
are small enough, that is |ψi| (r) ≈ const fulfilled. The
2D integrations in Eqs. (2)-(4) are carried out over the
cross-section of the superconductor (Ωc) in the square-
bracketed terms, and over the cross-sections of the super-
conductor and of the open-bracketed ones (Ωc+Ωo) in the
last (magnetic) terms Eq. (5). The double-connectedness
of the cylinder is accounted for by the condition∮
Γ
∇χi · dl = 2πNi, (6)
where Γ is an arbitrary closed contour that lies inside
the wall of the cylinder and encircles the opening,χi are
order parameter phases and Ni = 0,±1,±2, ... are wind-
ing numbers. It should be emphasized that there are no
a priori reasons for setting N1 = N2 = N3. As in the case
of fractional vortices in bulk multi-component supercon-
ductor s nontrivial topological states arise whenNi 6= Nj
at least. In the presence of inter-component coupling,
they are of the soliton type. Here we adopt the model
proposed in Refs. 4 and 13 which assumes the ampli-
tudes of the order parameters |ψi| to be constant since
the inter-component interaction is weak. This approxi-
mation leads for some set of parameters to the exactly
solvable double sine-Gordon equation, which solution can
certainly provide insight into the rich physics of topologi-
cal objects related to the multicomponent superconduct-
ing order parameter.
In weak fields we set |ψi| equal to the equilibrium val-
ues for an unperturbed three-component superconductor.
The variation procedure for the phases of the order pa-





































sin θ − γ23 |ψ2|
κ3 |ψ3|
sin (θ − φ) = 0.
(8)
Here χ1 − χ2 = φ and χ1 − χ3 = θ, κ2 = κ̄2/κ̄1 =
D2/D1, κ3 = κ̄3/κ̄1 = D3/D1, where Di are the intra-
component diffusion coefficients and κ̄1 = 1.
The system of Eqs. (7) and (8) should be supplemented
by the appropriate boundary conditions:














where we have introduced new winding numbers:n2 =
N1 −N2 and n3 = N1 −N3.
III. ANALYTICAL SOLUTIONS FOR PHASE
SOLITONS
A. General expressions
In general, the system of Eqs. (7) and (8) has no
analytical solutions and a numerical analysis is neces-
sary. But for a qualitative insight at first we investigate
two “classical” special cases of BTRS, namely:γ12 = 1,
3
γ13 = 1,γ23 = −1 and γ12 = −1, γ13 = −1 ,γ23 = −1
with coinciding moduli of the order parameters |ψ1| =
|ψ2| = |ψ3| = |ψ|, where analytical solutions can be ob-
tained. We make a further simplification and assume
thatκ2 → 0, i.e. the intraband diffusion coefficient
D2 → 0. Then in the first case the system of Eqs. 7
and 8 will be reduced to the form corresponding to the

































. Thereby the following simpli-
fied boundary conditions must be obeyed:








Note that for odd n3 the phase difference θ (2π) −
θ (0) = πn3. It means that a domain wall occurs at
ϕ = 0 for odd n3. It costs no energy due to the assump-
tion κ2 = 0.
Solving Eqs. 11 and 12 yields




n3 sn (bn3 (ϕ− π) , kn3)− 1
a
(i)
n3 sn (bn3 (ϕ− π) , kn3) + 1
]
, (16)
φn3 = ± arctan





sn2 (bn3 (ϕ− π) , kn3)− 1
 ,
(17)
while the case with all repulsive inter-component inter-
actions the solution of Eqs. (13) and (14 gives
θn3 = ±4 arctan
[
a(i)n3 sn (bn3 (ϕ− π) , kn3)
]
, (18)
φn3 = ±2 arctan
[
a(i)n3 sn (bn3 (ϕ− π) , kn3)
]
, (19)











− Cn3 + 3K3












and the modulus of the Jacobi elliptic function
kn3 =
√
Cn3 − 3K3 + 2
√
3K23 − 2Cn3K3




The set of constants Cn3 ≡ C (see Appendix A) can be
found from the appropriate transcendental equations in




sn2 (bn3π, kn3) = 1, for odd n3 = ±1,±3, ...
(22)
2 |n3| (K + iK′) = bn3π, for even n3 = ±2,±6, ...
(23)
2 |n3| (K + iK′)+iK′ = bn3π, for even n3 = ±4,±8, ...
(24)
and also for the case of all repulsive inter-component in-
teractions
2 |n3| (K + iK′) = bn3π, for odd n3 = ±1,±3, ...
(25)




−1 is the imaginary unit, K and K′ are com-
plete elliptic integrals of the first kind with the modulus




Thus, there are two possible types of solitonic states in
a three-component superconductor with a BTRS ground
state differing in their winding numbers. Several exam-
ples of solitonic solutions with specific (certain) winding
numbers are shown in the Appendix B.
B. Stability, self-energy and Gibbs energy
In the limiting cases considered here, the expression
for the Gibbs free energy of a three-component super-
conductor is given by













where F0 is the free energy of the unperturbed super-
conducting cylinder and Fsol is the contribution of the
soliton self-energy, which is defined in the first case with




















































The solutions of Eqs. (16)-(19) considered as station-
ary points of the Gibbs free-energy functional Eq. (27),
can correspond to either minima or saddle points. Tak-
ing into account that only stable phase configurations are
physically meaningful, we have to turn to the sufficient
conditions of a minimum, which requires also an analysis
of the second variations of Eqs. (28) and (29). To this
end we should treat the Sturm-Liouville problem for a














η = µη, (30)













η = µη, (31)
supplemented by the appropriate boundary conditions







where the θn3 (ϕ) are given by Eqs. (16) and (18). The
lowest eigenvalues of the operators in Eqs. (30) and (31)
can be found numerically and this way we obtained for
both cases µmin = 0. This means that δ
2Fsol ≥ 0 and the
soliton states turn out to be indifferently stable states.
The zero value of µ should be attributed to the existence
of a zero-frequency “rotational mode” [Goldstein mode]
(by analogy with the well-known translational Goldstein
mode in quantum field theories27) that restores the rota-
tional symmetry broken by the formation of phase soli-
tons.
Now, once the local stability of our soliton solutions
is established, we can discuss their self-energies Fsol ex-
pressed by Eqs. (28) and (29). By considering |n3|
as a variable, we plot Fsol as a function of the wind-
ing numbers (Fig. 2). First of all Fsol (|n3|) increases
monotonously with an increase in |n3| as could be ex-
pected. Also, we can see that for a three-component
superconductor with one repulsive inter-component in-
teraction and for a given even value of n3 despite the
presence of different types of phase solitons their self-
energy remains the same while for an odd winding num-
ber, we observe an energy gap between their self-energies
which however vanishes asymptotically with increasing
|n3|. Moreover, for a three-component superconductor













FIG. 2: Dependence of the soliton self-energy in a semi-
logarithmic scale in a BTRS three-component superconduc-
tor with one repulsive inter-component interaction (γ12 = 1,
γ13 = 1, γ23 = −1; blue and red lines respectively) and
with all repulsive inter-component interactions (γ12 = −1,
γ13 = −1, γ23 = −1; green line) on the winding number n3.
Blue and red lines represent the self-energy for two types of
phase solitons with a(1) coefficient and a(2) in Eq. (16) re-
spectively for the case of a three-component superconductor
with γ12 = 1, γ13 = 1, γ23 = −1. The green line corresponds
to the self-energy of phase solitons regardless of their type (re-
gardless of coefficients of a(i) Eq. (18) for a three-component
superconductor with γ12 = −1, γ13 = −1, γ23 = −1 (see the
text for details). The connecting broken lines are a guide for
the eyes. Here κ3 = 0.5 has been adopted.
with all repulsive inter-component interactions there is
no difference in the self-energies of the two types of soli-
tons for a given value of the winding number.
Such an unusual behavior is caused by the structure
of the solitonic solutions. As we can see from Eqs. (23)-
(26) for one repulsive inter-component interaction and for
fixed even |n3| as well as for all repulsive inter-component
interactions and arbitrary |n3|, the constants Cn3 have
the same values for both types of phase solitons while
for odd values of the winding numbers Eq. 22 has dis-
tinct roots (as a consequence distinct values of Cn3) for
given |n3| due to different coefficients a(i)n3 . In turn, the
set of constants Cn3 can be considered as the value of
the appropriate Lagrangians of the systems under con-
sideration. Thus, despite the presence of different phase
solitons both states are characterized by the same La-
grangians and as a result have equal self-energies (Fig.
2).
In the same manner one can explain the decreasing
difference between the various soliton self-energies for
a three-component superconductor with one repulsive
inter-component interaction. The numerical solution of
Eq. (22) demonstrates a decreasing difference between
the values of Cn3 for two types of solitons with an in-
creasing winding number. This means that the energy
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difference starts to vanish, too (Fig. 2).
The damped oscillations of the soliton self-energies rel-
ative to each other in the case of a three-component su-
perconductor with one repulsive inter-component inter-
action (see the blue and red curves in Fig. 2) are con-
nected with the distribution of the roots of Eq. (22).
According to the numerical solutions for winding num-
bers |n3| = 4j + 1, where j = 0, 1, 2, ..., the constants
Cn3 for the coefficient a
(1)
n3 are always larger than for the
coefficient a
(2)
n3 , while for |n3| = 4j + 3 the constants Cn3
for a
(1)
n3 are always smaller than for a
(2)
n3 . In other words,
in the case of odd values of n3 for both types of phase
solitons in a three-bans superconductor with one repul-
sive inter-component interaction peculiar alternation of
the values of Cn3 takes place: for |n3| = 1 and for a
(1)
1
the constant C1 is larger than the analogical value of
C1 for a
(2)
1 . Then for |n3| = 3 and for a
(1)
3 the value of
C3 is smaller than the counterpart C3 for a
(2)
3 and so
on. Bearing in mind that in fact the set of Cn3 defines
the self-energies of the phase solitons (see explanation
given above), the above mentioned alternation explains
the oscillatory behavior of the two functions Fsol (|n3|)
as shown in Fig. 2.
We note that for the case of a three-component super-
conductor with all inter-component interactions being re-
pulsive, in the limit |n3| → ∞ or the same when kn3 → 1
we can use approximation for the elliptic sine in terms of
hyperbolic tangent for Eq. (18)28 and obtain phase soli-
ton, which was found for a bulk BTRS three-component
superconductor with infinite boundaries19.
Substituting Eqs. (16) and (18) into Eqs. (28) and (29)
after a long analytical but straightforward integration we
arrive at the total Gibbs free energy of a three-component
superconductor (Fig. 3).
As in the case of a two-band superconductor we
can conclude that inhomogeneous states for a three-
component superconductor cannot be the ground state
of these systems, at least for this limiting case consid-
ered here.
IV. NUMERICAL SOLUTIONS FOR PHASE
SOLITONS
Now we proceed to the numerical solution of Eqs. (7)
and (8) with the boundary conditions Eqs. (9) and (10)
for the set of parameters treated earlier, namely γ12 = 1,
γ13 = 1 and γ23 = −1 at |ψ1| = |ψ2| = |ψ3| = |ψ|. Here
we will assume arbitrary ratios of the involved effective
masses κ2 and κ3. From the analysis of the numerical
solutions we obtain the dependence of the soliton self-
energies Fsol as a function of the winding numbers n2 and
n3 for a BTRS three-component superconductor with one
repulsive inter-component interaction (Fig. 4).
The analysis of Fsol clearly demonstrates that the soli-
ton self-energy is an even function with respect to the
winding numbers, i.e. Fsol (n2, n3) = Fsol (−n2,−n3) as








































FIG. 3: Gibbs energy of homogeneous and inhomogeneous
states in a BTRS three-component superconductor with γ12 =
1, γ13 = 1, γ23 = −1 (a, b) and γ12 = −1, γ13 = −1, γ23 = −1
(c, d). Blue lines corresponds to the energy of a homogeneous
BTRS state with φ = ±π/3, θ = ∓π/3 (a) or φ = ±2π/3,
θ = ∓2π/3 (b). Cyan lines corresponds to homogeneous non-
BTRS states with φ = 0, θ = π (a) and φ = π, θ = π
(b). Other color curves illustrate the Gibbs free energy of
topological defects in the form of phase solitons for a given
set of winding numbers (N1, n3), where green and dark green
lines represent solitonic solutions with (N1, 1) (a, c), yellow
lines - (N1, 2) (b, d), orange and red lines - (N1, 3) (b, d).







































FIG. 4: Self-energy of two types of phase solitons in a BTRS
three-component superconductor with one repulsive inter-
component interaction vs. different winding numbers plotted
in a logarithmic scale for κ2 = 4 and κ3 = 2.
it should be. Also, we can see that the self-energy of the
solitons increases monotonically with an increase of n2
and n3. Moreover, if the relation |n2 − n3|= 0 mod 2 is
obeyed, then for both soliton solutions their self-energies
do coincide (Fig. 5).
Figure 6 focuses on the Gibbs free energy of differ-
ent topological states (N1, n2, n3), where |n2| = 0, 1 and
|n3| = 0, 1. The minima of the Gibbs free energy of
solitonic states represent the soliton self-energy and oc-
cur when the self-induced flux compensates the external
flux.
Further numerical investigations reveal that for a





















FIG. 5: The difference in the self-energy Fsol of the two types
solitonic states (see Fig. 4) for given values of n2 and n3. For
more clarity we plot the cubic root of the difference.








FIG. 6: Gibbs free energy of a three-component superconduc-
tor with one repulsive inter-component interaction for homo-
geneous BTRS ground state (blue), homogeneous non-BTRS
state (cyan) and different topological states (N1, n2, n3) for
typical ratios of the effective masses κ2 = 4, κ3 = 2. Here
green (solid and dashed) lines denote phase solitons with
(N1, 0,−1), yellow (solid and dashed) - (N1, 0, 1), orange
(solid and dashed) - (N1,−1, 0), brown (solid and dashed)
- (N1, 1, 0), violet - (N1,−1,−1), black - (N1, 1, 1), red -
(N1,−1, 1) and magenta - (N1, 1,−1).
interactions being repulsive, the key features of phase
solitons, which were established in a particular case
where analytical solutions are amendable, remain the
same also for arbitrary values of κ2 and κ3.
Thus, as in the case of the analytical approach numer-
ical calculations of the Gibbs free energy of a doubly-
connected system display that the exact location of the
phase solitons on the energetic scale of a BTRS three-
component superconductor is always higher than the ho-
mogeneous BTRS and TRS states. This means that for a
nonadiabatic, fast switched on magnetic flux, the meso-
scopic thin rings or tubes made from three-component
superconductors can be excited upon the BTRS ground
state and thereby we can induce phase solitons passing
another metastable TRS state.
V. DISCUSSION
From an experimental point of view transitions from
the BTRS state to a TRS and then to phase solitons can
be identified via the magnetic response. These transi-
tions become visible by the presence of appropriate jumps
on the current-magnetic flux dependencies. It should
be mentioned that earlier such leaps were attributed to
the BTRS-TRS transitions and were considered as a hall
mark for the identification of BTRS multiband super-
conductivity. If however our system under consideration
can be flipped also into states with phase solitons, then
the dependencies of the current on the magnetic flux will
be more complicated and it can acquire a significantly
larger number of additional jumps in comparison with
the same dependencies, when only one switch between
homogeneous BTRS to TRS states and vice versa is al-
lowed. In the former case we admit that the analysis of
the response predicted by our proposed experiment for
the detection of BTRS multiband superconductivity will
meet some difficulties connected with the large zoo of
phase soliton states. But in view of the fact that the





, where δF is the energy differ-
ence between the ground and the excited states for a
given value of the magnetic flux, the generation of phase
solitons is certainly not the dominant process.
It means that during experimental measurements
BTRS-TRS transitions have a substantially higher prob-
ability than transitions from the BTRS ground state to
states with phase solitons. Hence, the specific magnetic
response of multiband superconductors remains never-
theless valid as a convenient tool for the detection of
BTRS.
Also, we would like to remark that in the real experi-
mental situation sketched in Ref. 13,20 and in Figure 1
the phase solitons are created strictly speaking dynam-
ically, i.e. their creation energy includes also a final ki-
netic energy contribution ignored here. It will be consid-
ered in a forthcoming time-dependent Ginzburg-Landau
approach31 together with other dynamical effects beyond
the scope of the present initial static study.
Finally, it is worth note that we exclude from the
consideration the emergence of Fulde-Ferrell-Larkin-
Ovchinnikov (FFLO) state in a three-component super-
conductor that can contribute to the diversity of topo-
logical states in such a system and unambiguously com-
plicate the exact location and further identification of
phase solitons on the energy scale. Such a problem
even was not fully elucidate for the case of a two-band
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superconductor32–34, where we admit coexistence and in-
terplay of FFLO state with phase solitons, especially in
the presence of the interband scattering effect. We plan
to resolve this issue and rank them on a energy scale in
the near future.
VI. CONCLUSIONS
To summarize, we have shown that three-component
superconductor phase solitons on a cylinder may ex-
ists. These phase solitons are thermodynamically
metastable. We have shown that the total energy of
phase-inhomogeneous solutions is higher than that of ho-
mogeneous BTRS and TRS states. The Gibbs free energy
of a three-component superconductor increases monoton-
ically with an increase of the winding numbers |n2| and
|n3|. For the case of a BTRS three-component super-
conductor with one repulsive inter-component interaction
two types of solitons for a given even numbered difference
|n2 − n3| have equal self-energies, while for an odd num-
bered difference of winding numbers there is an energy
gap which rapidly decreases with an increase of |n2| and
|n3|. For a BTRS three-component superconductor with
all inter-component interactions being repulsive, the self-
energy of both types of phase solitons do coincide for all
values of the winding numbers |n2| and |n3|.
Finally, we draw attention to our suggestion that the
very existence of phase solitons under consideration to
the best of our knowledge may occur in microscopi-
cally inhomogeneous (in the momentum space) systems,
only (probably beyond a critical threshold) but not in
isotropic homogeneous systems described by the stan-
dard GL-theory. In this context the occurrence of novel
topological solutions detected experimentally would pro-
vide a posteriori a justification for the application of
specific phenomenologically introduced multi-component
functionals doubted recently29 based on global symme-
try arguments for second order phase transitions, only.
In other words, the microscopic inhomogeneity given for
instance by separated Fermi surface sheets adds effective
different quantum numbers to various groups (bands) of
electrons as compared to the simple picture of a single-
band isotropic superconductor with a single phase, in
particular. It is convenient to describe mesoscopic in-
homogeneous states semi-quantitatively within a gener-
alized quasi-GL approach adopted here, which would be
very difficult within any microscopic approach. The oc-
currence of novel topological solutions seems to be more
important than the formal occurrence of new length
scales due to a higher order expansion30 with a somewhat
unclear physical meaning. In our opinion the account of
higher order terms ignored here causes slight quantitative
changes of the solitonic shapes, only.
Based on two supporting features (frustration and
mesoscopic inhomogeneity) we provide a reasonable
scenario for the observation of phase solitons in
three-component superconductors with repulsive inter-
component interaction and a posterio justification of the
employed effective GL functional in view of the observed
experimental features25,26.
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Appendix A: Ginzburg-Landau equations for phase solitons and the first integrals
We describe the order parameters in a three-band superconductor as ψi = |ψi| eiχi , where |ψi| are order parameters















+ γ13 |ψ1| |ψ3| sin (χ1 − χ3) + γ23 |ψ2| |ψ3| sin (χ2 − χ3) = 0. (A3)
Dividing each of the Eqs. (A1)-(A3) on the appropriate value of and then subtracting from the first equations the


















sin (θ − φ) = 0, (A4)
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FIG. 7: Particular examples of two types of phase solitons for φ (red line) and θ (black line) and for the winding number n3 = 1
















sin θ − γ23 |ψ2|
k3 |ψ3|
sin (θ − φ) = 0. (A5)
Here we have introduced the new phase variables χ1 − χ2 = φ and χ1 − χ3 = θ and the parameters k2 = m1/m2,
k3 = m1/m3.

























We should note that for both signs in the Eqs. (A6) and (A7), the inequality −3K3 6 C < +∞ must be satisfied.
Generally speaking. there are two types of solutions of the Eqs. (A6) and (A7) dependent on the value of the









. For the sake of simplicity, we provide the solutions





respectively. Other type of solutions can be found by means of
Jacobi imaginary transformations and the generalization of Landen’s transformations for the complex modulus35,36
of Jacobi elliptic functions.
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Appendix B: Particular examples of phase solitons
In Figure 7, we present several different phase solitons for a BTRS three-band superconductor with one repulsive
interband interaction, based on Eqs. (16) and (17) in the main paper. For larger clarity, we plot the derivatives of
θn3 and φn3 .
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Cotret, J-Ph. Reid, A. F. Wang, X-G. Luo, X. H. Chen, N.
Doiron-Leyraud & Louis Taillefer, Sudden reversal in the
pressure dependence of Tc in the iron-based superconductor
KFe2As2, Nature Phys. 9, 349 (2013).
7 T. Watashige, Y. Tsutsumi, T. Hanaguri, Y. Kohsaka, S.
Kasahara, A. Furusaki, M. Sigrist, C. Meingast, T. Wolf,
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30 L. Komendová, Yajiang Chen, A. A. Shanenko, M. V.
10
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